Lipid storage is important for avian reproduction (Drobney 1980 , Krapu 1981 , Walsberg 1983 , migration (Blem 1980 , Biebach et al. 1986 , and survival (Lima 1986 , Blem 1990 ; but see Krementz et al. 1989 ). In addition to total lipid content, lipid composition is important because the melting points of fatty acids differ, thereby influencing ease of mobilization, use at low temperatures, and net energy produced (Blem 1990 ).
Indeed, lipid composition is essential to an accurate evaluation ofavian bioenergetics (Johnston 1970) . Lipid composition is particularly important for long-distance migratory birds because small migrants increase reliance on fatty acids during migration (Marsh 1981) and individuals that store fats that have higher energy and are more easily mobilized will be able to travel farther between stopovers during their long migration (Johnston 1970, Yom-Tov and Tietz 1978) .
Food sources high in unsaturated, high-energy fats may be important to birds preparing for autumn migration. After the onset of migration, individuals with larger lipid stores and storing lipids high in easily mobilized fats should be better able to survive unpredictable weather and food availability encountered during migration. Clearly, we need to examine the types of lipids important for migrating birds and identify the food items which supply migratory birds with essential fatty acids.
Lipid composition and the factors affecting it have been evaluated infrequently in birds. Examination of seasonal changes in lipid composition and identification of important food sources high in essential fatty acids is an important component for improving our understanding of the ecology and evolution of migration in birds. Consequently, we examined lipid composition of breeding and autumn-migrating Wood Thrush. We also examined lipid composition of spicebush (Lindera benzoin) fruits and seeds because they are commonly eaten by Wood Thrush preparing for autumn migration.
MATERIALS AND METHODS

We collected 21 Wood Thrush in Washington Count
Rhode Island from 16 June to 14 September 1992
Birds were captured in mist-nets, then sacrificed usin thoracic compression (AOU 1988) . We examined sku pneumatization and plumage to determine age cla (Pyle et al. 1987 ) and carcasses were immediately fr zen.
Partially thawed carcasses were plucked and the tents of the crop, esophagus, gizzard, and intesti were removed. Gonads were examined to determine sex of birds and carcasses were weighed to the nearest 0.1 g and freeze-dried for 24 hr to constant mass. Dried samples were homogenized using a Waring blender.
We collected > 50 ripe berries from 14 different spicebush plants to quantify lipid content and composition of berries. Spicebush berries are a common food item of Wood Thrush during the autumn (Martin et al. 1951) and are commonly eaten by Wood Thrush during autumn months in Rhode Island (C. Conway, pers. observ.). Spicebush seeds and fruits were separated and frozen separately. Samples were weighed to the nearest 0.1 g, freeze-dried for 24 hr, and homogenized using a Waring blender.
We quantified the fatty-acid composition in Wood Thrushes by extracting fatty acids using a Soxhlet extraction apparatus with chloroform as a solvent, followed by methylation (Kates 1986 ). We also quantified fatty-acid composition of the seeds and fruits of spicebush berries. Lipids were extracted from 2.0 g aliquot samples in duplicate and reflux time was 12-16 hr. Percentage of each fatty acid was determined using the protocol of the National Marine Fisheries Service (National Oceanic and Atmospheric Administration 1988). Percentage lipid content of spicebush was calculated as extracted lipid mass/total wet mass for both seed and fruit samples.
We tested all variables for normality by examining Shapiro-Wilk's W-statistics and normal probability plots (SAS Institute 1985) . Distributions of most variables were normal, or nearly so, and unimodal. We used three-factor main-effects analysis of variance (SAS Institute 1985) to compare fatty acid composition between seasons, sexes, and age classes. Seven birds collected between 16 June and 6 August were considered breeding birds and 14 individuals collected 1-14 September were considered to be autumn migrants preparing for migration.
RESULTS
Carbon 18:1 was the most abundant fatty acid in all Wood Thrush sampled and made up 23-73% of the lipid extracted from each individual (Table 1) . Per- centages of carbon 18:1 were higher (P < 0.05) and carbon 16:0, 18:0, 18:2, and 18:3 were lower (P < 0.05) in autumn-migrating birds compared to breeding season birds (Table 1 ). The ratio of unsaturated: saturated fats was higher (P = 0.0035) in autumn-migrating birds compared to breeding birds (Table 1) . We failed to find differences (P > 0.05) in percentages of all fatty acids and the ratio of unsaturated: saturated fats between sexes or age classes. Percentage of carbon 18:1 was high in spicebush fruits and 10:0 and 12:0 were high in seeds (Table 2) .
DISCUSSION
Few studies have identified fatty acid composition wild birds (Blem 1990 , but see Blem 1976 ). Carbo 18:1 was high in our birds; higher than percentag previously reported for any avian species (Blem 197 Zar 1977, West and Peyton 1980) . Carbon chains 16 and 18 carbon atoms are the most common fatt acids used in lipid stores in birds (Blem 1990) .
The percentage of carbon 18:1 was higher and fou other fatty acids was lower in autumn-migrating bird compared to breeding birds. Fatty acid compositio can differ seasonally and under different environment conditions (West and Meng 1968 , Barnett 1970 , Blem 1973 , Yom-Tov and Tietz 1978 , Heitmeyer 1985 , an birds commonly increase carbon 18:1 over wint (Bower and Helms 1968 , Barnett 1970 , Blem 1990 Energy content of fatty acids increases with chain length and declines with unsaturation, and 18-chain fatty a ids provide relatively great energy content per unit ma (Blem 1990 ). The composition of dietary fats is on factor that affects the fatty acid composition of depo fats (Bower and Helms 1968; Blem 1976 Blem , 1990 Yom Tov and Tietz 1978; West and Peyton 1980; but se Robel and Klopfenstein 1985) . Postbreeding Wo
Thrushes increase fat reserves (Johnson et al. 199 and change their diet (Martin et al. 1951) , possib increasing the amount of high-fat foods, prior to m gration. Carbon 18:1 is a relatively high-energy fat wit a low melting point (Blem 1990 ) and common in spic bush (Table 2) .
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Wood Thrushes switch to a diet dominated by plants in autumn, when spicebush berries become a common item in their diet (Martin et al. 1951, C. Conway, pers. observ.), presumably to store fat in preparation for migration. Indeed, migratory birds, which need to store large amounts of fat, store more carbon 18:1 fatty acid compared to non-migrants (Blem 1976 ), and we found many spicebush berries and berry skins in the crops and feces of our autumn-migrating birds. Accumulation of easily mobilized, long-chain, low melting point, unsaturated fatty acids may be adaptive for Wood Thrushes prior to a long distance migration where availability and distribution of food resources are unpredictable. The mean ratio of unsaturated: saturated fatty acids in our autumn migrants was extremely high (3.53); ratios of unsaturated: saturated fatty acids greater than 3.0 are rare (Walker 1964 , Blem 1976 . Additional information on the energy content of depot fat and food among migratory birds may help identify essential food sources for successful migration (Walker 1964) . We propose that abundance of local food sources high in carbon 18:1 fatty acid may affect regional distribution and migratory survival of Wood Thrush populations and deserves further study. Future studies should examine the lipid composition of other foods available to birds preparing for migration. More detailed analyses of the lipid composition and energy content of foods available during autumn will facilitate our understanding of the bioenergetics of migration and the factors affecting migratory survival. This information should also help facilitate effective management and conservation of Neotropical migratory birds.
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